resolution (matrix size) and acceleration factor (R) increased for both GRE and bSSFP imaging.
Introduction

43
Quantitative cardiac magnetic resonance (MR) has shown clinical value in a wide array of 44 applications, including T1, T2, and ECV mapping as well as first-pass and non-contrast perfusion 45 imaging. Quantitative cardiac MR maps are formed from multiple images, which make them 46 susceptible to errors caused by signal fluctuations of physiological origin, such as cardiac or 47 respiratory motion. This is known as physiological noise (PN) and impacts the temporal signal-to-48 noise (TSNR) ratio which ultimately determines measurement variability.
49
Recent advances in cardiac MR have enabled clinically feasible quantitative mapping of 50 magnetic relaxation properties and perfusion of the myocardium (1). T1 and ECV mapping can 51 assess diffuse myocardial fibrosis and infiltration (2-4) and can measure extracellular volume 52 when acquired with contrast (5,6). Inflammation and edema in the heart can be detected with T2 53 mapping (7) while T2* is sensitive to iron induced field inhomogeneity in hemochromatosis (8) and 54 hemorrhage (9). Quantitative myocardial perfusion imaging performed using either first-pass 55 cardiac MR (10), arterial spin labeling (ASL) (11), or blood oxygen level dependent (BOLD) (12) has 56 been shown to detect regions of ischemia to evaluate coronary artery disease severity. These 57 quantitative maps are all formed by imaging the myocardium multiple times with different 58 magnetization preparations to vary the sensitivity of each image to the parameter of interest. These 59 preparations produce changes in the signal intensity of the acquired images, which are fit to models 60 of the underlying physiology or relaxation parameter to generate a quantitative map. The data were also analyzed within the lateral and septal walls, which are shown in Figure 
90
Materials and Methods
226
The noise ratio in bSSFP imaging was consistently above unity and only decreased to approach 227 unity at the largest matrix size and acceleration factor. 
Discussion
236
In this work, we investigated how changes in spatial resolution and parallel imaging 237 acceleration factor affect SNR, TSNR, and the noise ratio for quantitative cardiac MR using snapshot 238 GRE and bSSFP imaging. We found that when spatial resolution is made coarser and acceleration 239 factor is reduced, SNR consistently increases while TSNR faces diminishing returns. In particular, 240 we observed that TSNR varies linearly with SNR using GRE imaging (SNR < 20) and approaches an 241 asymptotic limit using bSSFP imaging (SNR > 40). This makes the noise ratio ( ) thermal noise / 270 This is likely due to cardiac and respiratory motion found in the heart that are absent in the brain.
271
We also reported regional variations in SNR and TSNR and found that is 1.12 times larger in the 272 lateral wall (0.0201) than in the septum (0.0186). Similarly, alpha is 1.66 times larger in the lateral 273 wall (0.831) than in the septum (0.502). We suspect that this is due to greater off-resonance 274 sensitivity and motion found in the lateral wall.
275
One concern about the results of this study is the precision of the TSNR estimate, which is 276 dependent on the accuracy of the noise standard deviation. 
